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Abstract of JP81481 13 

PURPOSE: To largely Improve energy resolution 
by disposing a canrier multiplication layer 
obtained by epitaxial growth and a breakdown 
voltage control layer of dopant concentration 
higher than the former on a semiconductor 
element opposite to a photocathode. 
CONSTITUTION: A photocathode 40 for 
producing photoelectrons due to photons, a 
semiconductor element 66 for multiplying 
photoelectrons, opposite to it, and electron 
lenses 80 converging photoelectrons are 
disposed in a high-vacuum vessel comprising an 
enclosure 20, a light incident window 30 and a 
stem 50. In a photomultiplier tube 10, as above, a 
cam'er multiplication layer 62 with dopant 
obtained by epitaxial growth being uniformly 
distributed is disposed on a semiconductor 
substrate 61 of a semiconductor element 60. A 
breakdown voltage control layer 64 of dopant 
concentration higher than the former is disposed 
on the layer. A photoelectron receiving portions 
65 is partly exposed by means of an insulating 
layer 67 and an ohmic electrode layer 68. 
Accordingly, uniformity in avalanche 
multiplication gain for photoelectrons is attached 
and energy resolution is largely raised, so that 
high sensitive and quantitative measurement of- 
faint light becomes possible. 
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(csffl 3 s - 5 i'*^ i 6«bs 3 n-c t> s c 

[it*« 3 3 «Jffil^ti^BEM«i|ljB6DfrfBS^g|J tVX 
[0 0 0 1 ] 

[0 002] 

^— K (APD; Avalanche Photo Diode) iP^MLfcbO) 

[0 003] ^c*j. c<Dj:^rj:yt'm'f-m§'Sicmri>^ 

"United States Patent, No. 5146296, Sep., 1992". 
"LASER FOCUS WORLD, pp. 125-132, Nov., 1993" 

[0 004] 
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[00 0 5] c©raM^«?^-r5:^©-oi:o-r. 

S^%iR« 1/ -C A P D ©SSSPKMS* 3 1* U 

■Cpt;«^S*> e>fefcb 3 n/cTfc^^ * APD ©§^|5± 
©— .■^tCiR^3l*-SCi«. MSfl«J«:;FpJS|-CS>.5. 
10 ©fc*. <l-*©ilS«-T-«APD©S^SP©^ftSffig«: 

[0006] fiis. c©J:5^a:«^F•^>X©|g®{crau 
r»> mtf«fP8^5-54 8 4 9-^4^icaM(CfB« 

[ 0 0 0 7 ] ±ia©pgs*«?^-rs*^©-oi 
ur. ^mi^*^e.fem3nfc3fem^*iti>ii/r*^a^ 
s*^#*T-iL.r. y^h^-it-h'iPD: Photo Di 
ode) *F«gjS5■rsc<!;*5^ft>nrl5^>. c©pdi3:. a 

ir^s. hts^\^t£ifih . c©cl:'5ttPD«r/N'^>i^j;tt 

[0008]%*$. C © J: ^ J&^^^iifS^tCKI-r 5$fe 

"Nucl. Instr. and Meth., vd1.A31D, pp. 261-266, 199 

1" 

"Nucl. Instr. and Meth., vd1.A315, pp. 375-384, 199. 
30 2" 

"Nucl. Instr. and Meth., vol.A330, pp. 93-99, 1993" 
"HYBRID PHOrOMULTTPLIER TUBES, Delft Electronische 
Producten" 

)i i'K:il*ffl{ciBtg3 nrti 

[ 0 0 0 9 ] ^Cf . 2|s:#feHJK. JiLh©ffl®-'^,K:ffi^f-r 

7 > 5^ * ttfgy > ©:a.- 7 * 5 7- ^ 5 C i (C 

.fc 0 . x4^;l'*"-:»-»tl4AitsfC|n)±3i±-55t^^^ii{g 
40 «%ffi«-r-5Ci%Bfl«J<!:r-5. 
[00 10] 

[ mm^m^r 5 tatxo^SL ] *^§g©>tm-i^itfs^ 
tt. ±ffi©se<j«aRR-r-5fc*K:, rtssi&iiFg^ccs^ 

itmm&t. c©3i6«iHffiii*fisit/rii-Hs®rtsiJK:a 

©311. ^^^M?ffi*>6&ffl3*i/c^-f-«<jlHi-r4 

[ 0 0 1 1 ] c c-c. Ill »mM©*® 

50 ftSffii. C©^«:««JitCxf;>+J^i.;l.^gUT 
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[0012] -fete. :7fem«f@i*^<*ST-i©P^{CSg 

[0 0 1 3 ] Kt^ffSflffllBOS^giJi UTRtH 
[0 0 14] 

[0015] c c-c. i^^<Dm.mMi^j-t L-c9^m 
J; ^ (CTfem^A^ 6 Sea $ kxfc^wfkt. mmwm^tf> 

[0016] *«#*^®SSg|Jk:A«Ufc^m^«. 
+1- ';rJi<i&B©F*3SP-cif3S©i*;u^-*3i^5SK:- 
M©^^-iE?L>i***fiS-^S. ^©fcJ*. ©pfeS-? 
© AW(c J: ^ r . ^^ifi©«-i^ - jE?L>St*J^;X=^^ f T 

{:©®g(c*sws:7Kii^{c*r-r5y-f 

-tcj:-,r^$n-ri»^©t?, ^}i^#5ST©sg;si5K 

.*JW-5^^^^©A*f{4g«:*tU-C^ife:zj:-:7 * 5 f ^ 

[0017] c©m^j^M?g«:itfgf b/c-;^=^^ -f T 
=^ + rite® fc»^t^ff$aai 
JBtcifij*! ^ mi?«:>sfrsj L/-C F 7 h -r e: ©ny:=*' + 
y T©— :j5'©+ u t +1' v T*t{SJi©p«gg|5tci^ 
Lfc7-'t7 >'>a:if^®i^«:sim^4. c© J: ^ «: F y 
7 F uc—i3<o^ 1- y r », + + y rm^M'^mmr -s 

>Vxft{g?:iKOJI-r©-r> $e.«:^+fS©^^-IE?L 

ji**^r-5. c©T>'N'^>->acit^L/yc— :??©++ y 
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®B(c[Sj*. ^mwtcstrs] L/-C F y 7 F 
[0 0 18] cc-c. =^=f yrie*&B«ctiis%s3> 

^Sn^CitcJrO. ^© F 

«:$iisii§n-c(,»?). -e©/c». c©jssK:fews3^^ 

-f y Tit{gstt5tc*jws+ + y T©^fi[gfcst-r 

10 S. 

[0019] c © J: ^ ife+ + y r(Dm^mm^s htcm 

[0 02 0] 

[mmm'i *^B^©*s^^it<5&'gK:^s*:tew© 

fflfclSHj-r-S. )fefe> 0M©giHj(c*ji>r»l5l— S^k: 

[002 1 ] mimmm 

m 1 (c^-r J: 5 tc, 2|sSdS{«l©5t«-7-lSee 1 0 tt. * 

^Rtgit^©^Hg2 o©ws^-en-e'nA*f^3 oix 

7"A5 0 i(C,t-^-rm^fCS±S-li. JEfjlO-'Tor 
rgS©«KS(crtSIJ4<^U-c«RS;$n-C(,^-5. C© 
30 3e«T*im« 1 0©F«3S|JtC». fli-7-U>X8 0 i 2 
fi©:7*-*X^®8 1. 8 2 *^^n^n7femtt@3 0 
SiytX'f A5 OK^glUTSMSn. ^1*^-?6 0*5 

[002 2] ^mm2 0 cfi^nMit^©;^/^;:^^^]!? 
-C*-5, C©i1-fflg2 0©ffim«. 2iaicSfClffitf 6 

nfc*SRi^t^©isif=tivt2 1. 2 2*s-en-entas3n 

[0023] A*f-^3 0 RSt«©;y7XSSSr* 

40 D. 5«^ffiiJSiyfjl3Hil©#«®iLr^n-en^ffiRyf 

iaffi*WU-C(,»^. C©A«,«3 0©K^fflijmg|5{c 
». 2®{C»r'3ffll-f^n/c«SRfSit*I©SXfW2 3*119: 
aStiri»S. 2<1©IX#W2 1. 2 3©S*|gP%aJ^ 

tfjicrnm-ncticj:*). nHii2 0iA*f^3 oi« 

-^(c^^Snri^S. )fe*j. AI=f^3 0©;</^;^tvtiPt 
«. S'J^iaiTS^fe©igs«:stL/r3^14?:WL/rc> 

[0024];^f-A50«. RSt^©^MM«-Cfe 
50 l/Ti,>i. COX'y-AS 0©S;^ffllJSigS|Sim#«2 2 
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:x,^A5 0 tit— #icmf&StlXl^i>. ttc. 

[0025] ASfSSS 0C!>]S^WI^MK:13:« ftffilt^O^e 
^@4 0*i^«b-rfl5(iE$n-Ct,^2., CCD^mi^4 

o«. ^'wm£w mmhfi\.^) iPhm^Vii^^ixx^ 
w^(fK. Na. cs. s b^-c?gRgsnri> 

[0 02 63 1X^2 l©Sg|5K:«. — ©SfOffllfen 

■7^A5 0(cs*i6]LrJtsj^-r-z>^^t?s:S3nrt,iS, v 

#1*2 1 */Myr^«l^4 0©ElttD^i[5l-©mffi 

*Enfln?n. m7L\-m,mi- 1 5 kVK^ff^nri^ 

[0 0 2 7 ] ro^2 2©!^(C». — ©SrOftlf^.n 

2t3:. ;^'5^A5 oKMisitx-cgasjc-rs^-ciaasnr 

10 *>6IX{W2 2*/M/-CBff^©mff>&En»nSti. M 

iL«affi*sjov{c«^3nTi,»s. ^c*j. -jit-tiT.-^ 
[ 0 o 2 8 ] ;^7^A5 o®xsfflijCig|j±(c«. -^Mwm. 

^6 0*s«^*S^g|J6 5*i6«^5 0«:S*|6jSif 

rg:g?nri^§. c®*^^«^6 ows^-r-sms 
nro^^. ¥^^^^6 0©«MfW«. Ji-gpmiEEai (0 

TKl^^ctO *i6^-f-^7 2SCJf'7-Yir-7 1 ^/MxTfilf 
je©SBE*ElWD$n. 1 4 5 VCc^S 

l©EroJD^E<!:|5I-©mE*En»03n. ^aiilKlifitiliijG 

[0029] ^^=^«7 2 ipi@«:^^6 0*^6 

lO {C^i^^n-CU-S. Sfc. ffil5A:5 1 i^-?-^7 2 

R®«©i^*t5 2*s^S{c«±u-ciS:a 
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e- *SSbr§TS©tiesgt?wS&{cieii-r*PS*. 
[0 0 3 0] ia2{c^-r<t'5K:. nnmk<o^w^=i- 

6 0tt. APDiLT«BS;$*T,-Cl^-5,. C©^^i$^^ 

6 0», Tfemi^^a 0 7!)^?.jfea$n-rfiT-u>X8 OK 

[003 1 ] ^t^©^«:«ffi6 1 ©**ia5±K:«. 

10 n«t«©=^'i'";Tifjfgji6 23&sj^^5n-ci>*. c©* 

6 1 ©Ji2a5±{c». nigt<;©A/- f y 

6 3 *s=t^ + y Tiem 6 2 i|l|-©Ji;»€rW l/r J^igS 
nri^S. +i'';Tii«B6 2©«Miti*M^K:«. r 

[003 2] ^li^(*Sg6 1 tt, mi ^SiMT^C*^-^ n 

• M©s \ 'c^m.-ifvtcm§m.m^m^:L'^-c^h. c 
o^^wmi&e i », mmms o oamimv. nSF 
-^■ov tLXP^iSm^l 0" cm-'-eK-T'^n. 
JtJSin#)0. 0 1 Q • cm=&*^r(,>-5. 

20 [ 0 0 3 3 ] =^ 1- y rmmme 2 «. »23Sti^-rJ5:to 

%pM©S i ^iK^i*»S6 l±tCif:S?+i^ + ;l'gKS 

eB62tt. em^Jl O/tim^WL/. pSF-^'Ohi 
L.rB^ige$tjl 0"^~1 0^' cm-'t?F-7'3n. it 
g5i*5jl~l 0 OQ • cm*WLrt,i.2.. =^^f UTiffiS 
g6 2© F-/^•> FiggiJ. P^t^HIItCgiaO^iimjI* 

[0 0 3 4] ^c*J. C©=*=+ UTiffSSe 2{C*jl,^rM 
t*> $«J5 Mm~*5j5 OMm©ffiffl(C^$n-SJ;^>K:^^ 
feAtt^JS-^. S/?75'l^©F->'>'>Fi«e[©^-tt3W 

y^>©:z:i7* 5-5=--f U T©^fl[g«:fiS<i¥0 

40 [0 0 3 5 3 CCr. BJ?d%**Jl 0 AtmtCSseufcS 
JD2i4^;l'=?"l^ 1 5 k e VCmi-^Hft^m^ 
e- ©S:^^if^3 Mini. f^M'T-Sr-'-^^Vi^^iit^ 

[003 6] Af-F'J^i'^Be 3». 01»mM©F- 
F i l/-CnS F-''0 F * + f y TJifS® 6 2©^ 

50 ©BJ?*5)1 0 /im*WL/. nMF-M*> Fi LTP 



i^mt^sme i <Dms.im—<Dmsc^ i o" c m-'-c 
[0037] m^EEmmme 4»> m2mmi<o k- 

■5. comimsmwmQ 4it. mmmi um%mL. 

[0 0 3 9] S^SiSe 5cDJ12SI5(Cfig-rSK^SEM 
ffllS 6 4 (D^MJliSSBiWAaS^i . F V > i/g 6 
3 ©^ffl:^ft±i fC 2 aiSOi^JS 6 6. 6 7 j&ilB 

'XasL/-c?gBR3nTi,>s, mume 6», s i ©sj-fb 

/¥»*>J2 O O n m-C*S. 6 7 Si <om\M 

-CJ^^S tllfciffiigittif H-C AS. C©iffiS» 6 7 ©BJl 
«*>J5 0 nm-C*-5. 

[o 0 4 o ] Jifc. iffiiKse a- k >i/)i6 3 
^xj^n{k'mm^mm e 4 -s^tc^^ ^ rtifSB 

6 2 ©MB^ft*S»«:^-r5fc»K:, «>e.!6>D»+i' 

^/c, ite»16 7 5*, :7fcm^@4 0^?^^-r5^ 

[0 04 1 ] iteiSUSe 7±K:». P33lSi^©:*--5 

8*sj^fiS$nrtei5. 1^^116 6, 6 7©ffllllgK: 

•2.. C(D*--%-j^W.mMQQ\t. AlVBJjXSritc^ 

mmm-cs> o . fmrnEumm e 4 ccst b -c as? tt^r - 

[0 04 2])a:*J. f i'^Sia 8». V^-Y- 

7 1 ©sJOf*^ vd'tcioTil-giJSmiig mmbfii^) 

- 1 4 5 v©ftm&K:«}f */c. mmwm 
S6 i«, ;^f"A5 oioisSfCcfco-rii-gqiilljS (la 

Tskbfif.^) *i6BffS©mE*En»D3n. m«OV©d/ 

5> F (GND) mfi[K:«^3n-ri,>-5. cncco:*), 

n' M©^^^«ffi6 1 ip^ M©P4{;^m$fJ®e6 4 
<i:©iai{C. -r^cfc^^ + f y TJffigfBe 2{CS2JB*ita 
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[0043] C C-C, S^ase 5 {CA*f L/c3fc«^^e - 

r©T-'-<-7>i'x*S<&-y-f «5j3 0-c*s. cntc 
-;xm^©i5^-Y >«, 10' matc^rs, 

[0044] ^C*J. C ©i ^1 ^c|li|g«^S©A P DJca 

10 <KbfcjB|iiaS^M©APD{cMbrtt. t«it«!^SBg 

5 0-5429 0#<2;«tC#iffl«:fB*g$n-Cl,^-5, 

[0045] *ilJStnifc*jW5i|^{*3S^ so© 

[0 04 6] mKDi^T'vftLr. 3im©CVD (Ch 
airical Vapor Deposition ) ^iC^rSi^^X , n* SS i 
iP6.!fe-5*»«:^6 l©^M±{CpMS i *xf3f=^^ 
~> + JUiSS 3 -ST p M©+ -f Tff fi&ji 6 2 *Jf$)?X^ 

5. ;Xfc. ji:«r©^K{b!*«:S-:Ji,»r, ^^-vrmmm 
X. mmm e e ©iiasFF^tcfirg-r + u rtt fg® 

6 2 KnS F-^^•> h i L-r P4®iRWK:MtS!3li-r n 

♦ ^©^-F';>i'Ji6 3 4?^fiRt--5. $6fc. as© 

S^-j-UTiiigBe 2CCpS^F->'^•> FiLrBi&iiiR 

Kj(cte» 3 -a-r p * Sf ©Kft^ff *0®B 6 4 ^jKfiW 

[0047] ^2©X7^^;:/<!:Lr. jiS©CVDSK: 
• S-ift,>-C, ^B 6 6 (D±m±K. S i ©S<bi^<&i^$ 

30 -a-ci^B 6 7 ^mmn. 'Aic. m-^oy * f >; y 4^ 

<':)-7:^i>m^mmti. ^i»-c. 3i:i:©F5-fx--»?> 
e^^{C»-3t,»-C. «eiSB6 6. 6 7©4'J^SP*l^*Ur 

^t^miEsijaB 6 4 ©^M^&sm sif -cs^gpe 5 
fiS-rs. -eur, as©K^«S{ca-:Ji^r> s^gp 

6 5RiyfffiiHfe)16 7±(CA 1 ^iili$-t*r^-5 -yi'^ 
SB6 8*?g^-r-2>, C©fS. 3l^©7* F Uvi'^^ 

sji5fcs-:3t,»r . mm 6 7 ©rtwaj*^ ni^twsM 

6 4 ©^2gp{CMS:t- 5 i'mSa 6 8 ©a®61 

40 i^K:RJStt©v;^i7B*JKfiRr5. tSi^r. MS©"? 

tm^mmmB 4©4'ife2P±<!:*>e>:t- s i'^® 

B68*K^4Ufcfa, {:©*i»K?nfc:t-5 f 
[0048] y?fC, *:«!iS{?d©S(l{'P(COI,i-C|ttHJ-rS, 

[ 0 0 4 9 ] ^1•g|5^E^lS3!p6ms©mJE*E|l^J^•r 

S i . *SI^4 0 >X8 0 (CSrJES&J&i* 

m»mfii*s^-r-2>. cnKjcf), X3g§S2o©(*9giJ 

50 {C«. ^j£^*|:^^F6 0*>e)S?^U'>X8 0. 8 1 ©SH 



C6) 



[0050] ^-5^. i^mms 6 8 Kflifssfi*! 

CtXtCifJ, ^ti^^*^^^6 0©F«lg|5«:«> 

[0 05 1 ] CC-C> i^g5©^||):c7fe> M^«^ftSfca 
i^aj&i U fc®^16*!56^h y i L, XK9m 3 0 CDS 10 
^K:AI-f-r.5.i, C(D*-?h v«A*f^3 0©|^g|I=& 

^e- tt. Xt^AS 0*>6m-7-U>X8 0*/M^-C^fe« 

l^4 0{c(fij*:>-,-rH]&u/c^l?(c^iSjbri^airL. * 
^ftm^e ocD^^gpe 5 jcAWr^s. 

[0 0 5 2] ^c*j. ■S^U'^XS 0K:J;or3tSI^4 
0*>6]Ktt}3n/t*«^e- *SSg|J6 5±©— *{CiR 20 

[0 053] OCD^^SUe 5 «:A*f O/c^fe 

3. 6 e V^^^«K:->it<Dm-?^-iE7L^^^-rS. 

[0 054] r A^>e^*Ji{gMiS«: K y h b/c^T- 
». + 1 y TiffiS® 6 2 =&miei.-r?>^^t>cm^Lx>( :t 

^ jcii<§ L /cm^^« , mmwmm. e 1 *^ ^ + y rit^s 
Jl 6 2 k:i^*> ^ m^icMliii F y h i/T^^^as 
eitciiM-rs. coit, T-'<5>e^iig{iSy'f>« 40 

>»i 0' gstc^rs. 

[0055] CC-C. pM<D++ yriefgJBe 2Wn'^ 

nscifcjctj, ^^1. y7ft{$)i6 2©F->'^•> h^flj 

iU¥-^K.i^—l^mmStiX\.^i>, -^(Ofc^. T'^'ylyiy 
[0056] c © J: ^ ?cz:;^«^©i9<Sfitc*M£: L/cig so 
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:6-Ifi]flSS*s> :t-5 i'^®18 8*^e.'7-l'if-7 IZi 

ufm^mi 2^:;t\^x9vmmm-mm.icmtnin.i>, -e© 
?l-g|JSiffj^©reiJucs-:yv»r. jts^itf&g 1 

0{cA«Lfc3e^©jl^*mMJgiJ{c«im-r-S. L-fc*s 

*-3fem^tfl^Kj: orsse^jtcttsij 
[ 0 0 5 7 ] ^xk:. m:mm(r:>%'^^mimt^m<!>^ 

[0058] 3IMF}{CS'5«,»t:W<'PL//ci6«^ii<Sg 

«, ifsm 1 lliSM©3fem-?iifg'ti^< I^H${c«fiS h 

s i xedf+5^f ;i'^S(c<i:or+i' yriffg 

i=i:?fjfiSL./c, --^^ m^mt\^xm'%hfc%^=f-m{^ 

Sii^©3fem^«{g'»t?* o /t, 
[0059] ^Cte. Se*M©«^it<gS|JK:*Jt,>TW. II 
Ig^'W^'-FtaGaP-CJf^^Sn, ll2K~mi2S 

mm<oif^=f-m^^\^. 1 la^*'^ ^ - f©«ss 

[0060] cn6©36S^ttfg«(c*f urifijS^i^* 
^#«'X©a »3 -e * -:> fc. 

[0 06 1 ] 

3l£m^^(c*t-rsttamBE :-17kV. 
¥^f*3^^^{CEP»nU/i:-'^WT:^miE: 145V. 

: Ortec Made! 142 

A. 

: LEDCRED), 
: 2 5'C. 

tS*MJcJ:«9l«f'Ply:fc^S^^itf^©||il^« 

''X<J:>my)Xhr>-tc. 
[0062] 



V. 
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